Abstract: Our aim is to investigate the sensitivity of financial sector stock returns to market, interest rate, and exchange rate risk in three financial sectors (financial services, banking, and insurance) in eight countries, including various European, the US, and China economies, over the period 2006-2009 during the financial crisis. The econometric framework is a four-variate GARCH-in-mean model and volatility spillovers. The empirical results show the significant effects (positive and negative, respectively) of the stock market returns, interest rate, and exchange rate volatility of the financial sector during the crisis. Besides, we find, in most cases, significant (positive and negative, respectively) volatility spillovers from market return, interest rate, exchange rate, and interest rate in the financial services and the banking sector both in the European and the US economies during the financial crisis.
Introduction
During the last decades, the linkage between the interest rate, the exchange rate, the stock return market, and the financial sector remains a crucial issue for risk management and portfolio management. In recent years, the dynamic relationship between the three risks has had important implications and has drawn the attention of numerous economists, both for theoretical and empirical
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The main purpose of this article is to improve the explanatory power of the financial review; the author's objectives include highlighting the role played by the exchange rates, interest rates, and the financial stock return that affect the volatility of stock market.
This study is considered the first of its kind conducted in the context of the financial crisis. Studying the impact market, interest rate, and exchange rate risk effects on the financial stock returns could provide valuable information to portfolio management for both national and international. This study will help investors achieve and monitor more closely the monetary policy to make decisions on their investments as interest and exchange rates have predictive powers on the bank volatility stock returns. reasons, because they play an important role in influencing the development of an economy. Besides, the liberalization of financial markets and the technological advances have increased the nexus between the exchange rate, the interest rates, and the stock returns. The relationship between the interest rate, the exchange rate, and the stock returns in the financial sectors has given rise to a prolific research activity over the past few decades.
In this context, Tai (2000) , used the multivariate GARCH in mean (MGARCH-M) approach where both conditional of first and second moments of the banks portfolio returns and risk factors are estimated simultaneously showing strong evidence of time-varying interest rate and exchange rate risk premium and weak evidence of time-varying world market risk premium for all three bank portfolios, namely: Money Center bank, Large banks, and Regional bank. In this context, Beirne, Caporale, and Spagnolo (2009) pointed out to the sensitivity of the stock market returns, interest rate, and exchange rate risk in three financial sectors (banking, financial services, and insurance) in 16 countries. In recent research, Andrieș, Ihnatov, and Tiwari (2014) have found very clear results of phase difference of lead-lag relationship between the stock prices, the exchange, and the interest rates. Olugbode, Pointon, and El-Masry (2011) pointed out that the stock returns of UK industries had been more affected by the long-term interest rate risk than by the exchange rate risk or even the shortterm interest rate risk.
In the same vein, Koch and Saporoschenko (2001) used an AR (1)-GARCH (1, 1) volatility model to analyze the effect of both the interest rate and exchange rate risk, but only for Japanese financial firms. Conversely, Di Iorio, Faff, and Sander (2006) were interested in both the interest and the exchange rate risk and their effects on the financial sector returns in several euro zone and non-euro zone countries.
The objective of this study is to use the financial stock return, which depends on the exchange rate and other inputs, such as the interest rate and the stock return. The extended econometric framework is a four-variate GARCH-in-mean model helps us explore the causal relationships between the variables: the financial stock return, the exchange rate, the interest rate, and the stock return. The variables are chosen to capture the particular characteristics of eight different countries. First, we focus on three financial sector returns (financial, insurance, and banking sector), while most studies focus on the banking sector returns. The impact of the interest rate fluctuations on the market value of companies has received a great deal of attention in the literature, although much of the empirical research has focused on the banking sector returns because of the particularly interest rate sensitive nature of the banking business (Flannery & James, 1984; Staikouras, 2003 Staikouras, , 2006 . Nevertheless, the interest rate variations may also exert a significant influence on the financial corporation's (insurance and financial service), mainly through their effect on the financing costs and the value of financial assets and liabilities held by these firms. Second, no previous research has examined the connection between the interest rates and the stock prices at the banking sector by employing a four-variate GARCH-M framework method. However, the analyses on a financial service basis and insurance sector are appropriate because market aggregation may hide significant differences between the financial service and the insurance sector in terms of interest rate sensitivity.
Third, the financial firms in regulated and/or highly indebted financial service and insurance sector are commonly recognized as the most interest rate sensitive Beirne et al. (2009) . Two primary reasons help to explain this result. Our study thus contributes to the existing literature. First, by giving, the profits and, consequently, the stock prices of heavily indebted corporations are strongly dependent on interest rate developments, as the cost of their debt is directly related to the level of interest rates. Second, regulated companies such as utilities adjust the prices of their products and services with some lag behind cost increases due to the constraints imposed by regulators. This contributes to the strengthening of the negative impact of the interest rate rises on the stock prices of these firms.
Finally, if most studies use an event study approach, we employ a four-variate GARCH-in-mean model in order to capture the time varying volatility the stock returns, while most studies employed a GARCH univariate model. Previous research implicitly assumes that Fund programs are credible such that market participants expect them to improve the efficiency in the economy in general and of the banking sector in particular. We rather interpret the changes in financial sector returns (financial service, insurance sector, and banking sector) based on the available evidence on the corporate governance characteristics in the European, the US, and China economies, over the period 2006-2009 during the financial crisis.
The empirical results can be summarized as follows. Estimations based on the GARCH-BEKK indicate that the banking sector is very much affected by the volatility of the exchange rates, the interest rates and the stock returns. Finally, based on the GARCH-BEKK, strong evidence of the exchange rate, interest rate, and stock return is found in both financial and insurance sectors.
The algorithm of the article is as follows: Section 2 briefly reviews the related literature, followed by Section 3 which outlines the econometric method, where as Section 5 presents the used data and depicts the empirical findings and Section 6 contains the concluding annotations and offers some policy implications.
Review literature
The nexus between the exchange rate, the interest rates, and the stock returns has been a subject of large research over the past few decades. This research can be categorized into three strands.
Relationship between interest rates and stock returns of financial sector
A large number of studies have focused on the interest rates of the financial stock returns (see Elyasiani, Mansur, & Pagano, 2007; Flannery, Hameed, & Harjes, 1997; Lajeri & Dermine, 1999 and others) . However, some more recent studies, such as those of (Akhtaruzzaman, Shamsuddin, & Easton, 2014) indicated that the Australian banks show a negative exposure to changes in the as both domestic bank interest rates, and US interest rate volatility is found to be an important predictor of Australian bank stock return volatility, and findings are obtained for the aggregate portfolio of financial stock. In addition, they show that the time-varying conditional correlation between the Australian and US financial stock returns increases during financial crises and varies directly with net capital flows between Australia and the USA. Moreover, in this context, Martínez, Lapena, and Sotos (2014) state that Spanish industries exhibit, in general, significant interest rate sensitivity, although the degree of the interest rate exposure differs considerably across industries depending on the time horizon under consideration. Czaja, Scholz, and Wilkens (2009) and Korkeamäki (2011) pointed out that the impact of the interest rate fluctuations on equity returns has declined over time primarily due to the increased availability of improved tools for managing interest rate risk. In addition, the exposure of the Australian financial sector has increased over the last decade. For example, the exposure of the country's global consolidated operations to the USA has increased substantially since 2003. Another interesting finding in the literature is the volatility of the interest rate which significantly affected the stock returns of these companies (Papadamou & Siriopoulos, 2014) . So far, the empirical literature on the link between the interest rate and the stock return has been developed primarily in the time domain by using a board range of time series methods, including GARCH-M methodology Elyasiani and Mansur (1998) found that the interest rate-level volatility directly affects the first and second moments of the bank stock return distribution, respectively. They also stated that the negative correlation between the banking stock volatility and risk premium, indicates a possible agency theory problem using VAR techniques (Laopodis, 2010) , OLS regression (Reilly, Wright, & Johnson, 2007) .
Relationship between exchange rate and stock return of financial sector
Modeling the exchange rate exposure has been an important growing area of research in the last decade. The second strand of studies has examined the impact of the exchange rate and stock return on either financial or non-financial sector (see Chkilia, Aloui, & Nguyen, 2012) these authors used univariate and multivariate GARCH-type models to investigate the properties of conditional volatilities of the stock returns and exchange rates, as well as their empirical relationship. They found that bilateral relationships between the stock and foreign exchange markets had been highly significant for both France and Germany.
Although the theoretical literature suggests causal relations between the stock prices and the exchange rates, empirical evidence is rather weak. Pan, Fok, and Liu's (2007) results indicated significant causal relation from the exchange rates to the stock prices in Hong Kong, Japan, Malaysia, and Thailand before the 1997 Asian financial crisis. They also found a causal relation from the equity market to foreign exchange market for Hong, Korea, and Singapore. Furthermore, while no country shows a significant causality from the stock prices to exchange rates during the Asian crisis, a causal relation from the exchange rates to the stock prices is found for all the countries except for Malaysia. In their study on Istanbul Stock Exchange (ISE), Acikalin and Seyfettin Unal (2008) used a co-integration test and vector error correlation model showing that the exchange rate has a direct long-run equilibrium relationship with the stock market index. Findings from the study reveal two ways of causalities between the two variables; which implies that prediction of ISE is possible using the past information on the moves of the exchange rate.
Relationship between exchange rate, interest rate, and stock return of financial sector
The third strand of studies has examined the impact of the exchange rate, interest rate, and the stock returns on the financial sector. In addition, Ryan and Worthington (2004) identified a threeway linkage between the market, interest rate, and foreign exchange rate risk in the Australian banking. Their results suggest that market risk is an important determinant of bank stock returns, along with short-and medium-term interest rate levels and their volatility. However, long-term interest rates and the foreign exchange rate do not appear to be significant factors in the Australian bank return generating process over the considered. Period Most empirical studies concerning the pricing of bank stock returns focus mainly on the pricing of the interest rate and very few published papers explicitly investigate the joint interaction of exchange rates and interest rates on bank stock pricing however Choi, Elyasiani, and Kopecky (1992) show that they examined the role of the market the interest rate, and the exchange rate risks in pricing the US commercial bank stock returns by estimating and testing a three-factor model under both unconditional and conditional frameworks, on the other hand. Beirne et al. (2009) indicated that in most cases there is a significantly positive effect of the stock market returns on the mean returns in each sector. In contrast, the interest and exchange rates have a significant (negative and mixed, respectively) effect in a fewer number of cases. They showed that the three types of risk are found to play a role mainly in the financial service sector, but with no clear sign pattern.
Finally, in most cases, volatility spillovers occur from the market return to sector returns in the insurance and banking sector in the European economies, though there are also some instances of interest rate and exchange rate spillovers, both in Europe and the USA. However, Ahmad, Ahmad, and Rehman (2010) employed a multiple regression model to test the significance the change in the interest and exchange rate on the tock returns. They showed that both the change of the interest rate and that of the exchange rate have a significant impact on the stock returns over of the sample period. Kasman, Vardar, and Tunç (2011) used an OLS and GARCH estimation models to test the effects of the interest and foreign exchange rate changes on the Turkish bank's stock returns. They found that the interest and exchange rate changes have a negative and significant impact on the conditional banks stock returns. In addition, the bank stock return sensitivities are found to be stronger for the market return than for the interest and exchange rate, implying that the market returns play an important role in determining the dynamics of the conditional returns of the banks stocks.
In the same view, Aloui and Jarboui (2013) using the OLS and GARCH estimation models, they found that the exchange and the market index have an impact and an important role in determining the dynamics of the conditional bank stock returns. However, the interest rates do not appear to be significant factors in the Tunisian bank returns. Moreover, the long-return interest and exchange rate volatility is the major determinant of the conditional bank's stock return volatility.
The present study is different from the previous studies in the different ways. First, it uses a fourvariate VAR-GARCH (1, 1)-in mean model to study the four-way linkages between the financial sector index, the stock market index, the interest rate, and the exchange rate for a panel of eight countries. However, to the best of our knowledge, none of the empirical studies has focused on the four-way linkages between the financial sector index, the stock market index, the interest rate, and the exchange rate, especially the combination of financial sector by using four-variate VAR-GARCH (1, 1)-in mean model framework. The model helps us examine, at the same time, the impact of the stock market index, the interest rate, and the exchange rate on the financial sector index. Second, we use a four-variate VAR-GARCH (1, 1)-in mean model because this helps not only with the timevarying conditional variances but also with the time-varying conditional covariance. In addition, the earlier GARCH models failed to ensure positive definiteness of the conditional covariance matrix.
Relationship between European, China, and US markets
In the literature dealing with the trade and financial linkages for the properties of business cycles, a number of studies consider how such linkages affect the nature of the cyclical interactions between the emerging and European economies. Some of these studies focus on the changes in the timeseries patterns of the interdependence across both groups of countries. Some other studies attempt to measure the magnitude of the spillovers between both groups.
The European Union (EU) occupies the third place, just behind Japan and the USA, in the foreign trade with China. The EU has seen its low-trade surplus years. The financial crisis has caused a banking crash in the US, with cascading bank failures. Far from being spared, the European banks have, in turn, recorded losses. The evidence, as almost zero growth rates in 2008, shows that the crisis hit Europe. Indeed, the euro-zone has an experience of loss of competitiveness against the dollar zone. Contagion is also evident in the financial markets, considering the massive liquidity injection by the European Central Bank and the severe "credit crunch", which demonstrate that the contagion is massive.
Undermined in part by the economic setbacks experienced by China, the stock markets derailed in August. The agitated volatility was a destabilizing factor that increased the fear of the investors. There were an August 24, will be remembered as the worst day for the US exchanges in four years. There was a spectacular liquidation that led experts to wonder if the old bull cycle of six years finally ended. This "Black Monday" on which the world's equities experienced a severe correction, beginning with those of Shanghai instead accusing the largest losses.
This chaos led investors to wonder whether the instability of financial markets would influence the decision of the US Federal Reserve to raise its key interest rate or not in September. Moreover, the Canadian stocks plunged deeply into the negative in August, the month which was marked by fears of recession and deteriorating global economic conditions. The S&P/TSX was down −3.47% in August and −4.04% YTD, while the major stock markets of Asia, Europe and North America were falling sharply all. All the sectors ended in the red, but the energy, the financial services, the consumer discretionary, the industrial, and health products lost more than the others. The financial services sector also registered heavy losses in August; pessimism was also extended to bank stocks (which weigh heavily enough in this sector). At the time of writing, experts believed that the bank shares had lost about 5.4% of their capitalization so far in the third quarter and exchanged below their cur-rent/historical earnings ratios. The risks for banks are, first, that the depressed sector of the energy does make them undergo substantial loan losses and, second, the deterioration of Canadian economy discourages individuals to borrow if they fear for employment and the labor market in general. On the other hand, Tonnelier showed that the stock market shocks, until relatively disconnected from the Chinese real economy could end up affecting the latter, further exacerbating a little slower growth which weakened its, Asian, American and European but also, first and foremost Germany trading partners.
In China, the European Union and the USA, those who focus on the hard rivalry and influence between the two powers tend to forget how China was influenced by the United States during the last generation. Ideas, technologies and products intended to come across the Pacific-links to Europe were much less milking. Beijing Analysts-described the US-China relationship as a lovehate relationship: just as Americans want to take credit for the introduction of capitalist markets in China, they also fear why the Chinese put their newly found wealth. As the Chinese prefer US products and consider the US more "advanced" than any other part of the world, they also feel the role of the USA in East Asia and approach "hegemonic" of the world policies. Europe has, until recently lagged far behind the development of the China's awareness of the outside world.
Data and model specification
In this paper, we examine the three-way linkages between the stock returns in financial sectors to market, the interest rate, and the exchange rate risk for eight countries, namely Germany, the USA, Greece, the UK, France, Spain, Italy, and China. As mentioned earlier, most existing literature deals with the stock returns to market, the interest rate, and the exchange rate risk in the financial sector (Financial service, Banking and insurance). The data are collected for the period from January 2006 till April 2009. Therefore, the interrelationship between the three variables is worth investigating by considering them a four-variate VAR-GARCH (1, 1)-in mean model in a modeling framework.
We adopt a model from a family of the multivariate GARCH model which was first proposed by Bollerslev et al. This model provides a general framework for multivariate volatility modeling but requires a large number of parameters to be estimated. More specifically, we apply a four-variate VAR-GARCH-in-mean framework with the BEKK representation proposed by Engle and Kroner (1995) to model and test for market spillovers in means and variance of the stock returns as well as market spillovers from second to first moment (GARCH-in-mean effects). This approach builds upon and expands the existing studies, such as those of Beirne et al. (2009) . The use of a GARCH-in-mean specification enables us to estimate cross-market spillovers from second to first moments. This is an important contribution of the present study, which differentiates it from that of Beirne et al. (2009) and other related papers. An appealing property of the GARCH-BEKK is that the model ensures a positive definite and conditional covariance matrix. In order to reduce the number of parameters estimated in the GARCH-BEKK model, restrictions, such as symmetricity and diagonality are often imposed.
We represent the joint process governing the stock returns in the financial sectors to the market, interest rate, and exchange rate risk by a four-variate VAR-GARCH (1, 1)-in mean process. In its general specification, the model has the following form:
x t = (fin-returns t , stock-returns t , interest t , ex-rate t and the residual vector t (e 1,t , e 2,t , e 3,t , e 4,t ) is fourvariate and normally distributed μ t |I t-1 (0, H t ) with its corresponding conditional variance covariance matrix given by:
The parameter specification of the mean return Equation (1) is defined by the constant α = (α 1 , α 2 , α 3 , α 4 ), the autoregressive term β = (β 11 , β 12 , β 13 , β 14 |0,β 22 , 0,0|0,0,β 33 ,0|0,0,β 44 ) and the GARCH-in-mean term γ = (1/1, 1/2, 1/3,1/4|0,0,0,0|0,0,0,0|0,0,0,0) which appears in the first equation only. The parameter matrices of the variance Equation (2) are given by C 0 , which is restricted to be upper triangular, and two matrices A 11 and B 11 . It should be noted that in our model there are nine zero restrictions in the latter two matrices, but we are interested in testing only for the causality-in-variance (spillover) running from the stock returns in the financial sectors to market, the interest rate, and the exchange rate risk.
In the multivariate GARCH (1, 1)-the BEKK representation proposed by Engle and Kroner (1995) , which guarantees, by construction that the variance-covariance matrices in the system are positive the definite H t takes the following form:
Equation (2) 
Hypotheses tested
A number of hypotheses are tested on the estimated parameters and a likelihood ratio test statistic (LR) is computed by the unrestricted and restricted models, where LR = −2(L r − L u )~x 2 (K). The main tested restrictions are: (1) the effect of the stock market returns, the interest rates, and the exchange rates on mean returns in each financial sector; (2) the effect of changes in the second moment of the stock market returns, the interest rates, and the exchange rates on mean returns in each financial sector. Finally, (3) volatility spillovers from the stock market returns, the interest rate, and the exchange rate returns to volatility of returns in each financial sector. 
Tests of no GARCH-in-mean
H1 to H4 test the sensibility of the level of the relevant financial sector index return to volatility in market returns, interest rates, and exchange rates. H5 to H8 test the sensibility of the level of the relevant financial sector index returns to volatility in market returns, interest rates, and exchange rates. Table 1 shows that most of the key variables of the banking service sector model are significant at 1 and 5% with a positive effect for Germany, the USA, and Italy and a negative effect for the UK from the exchange rate causality to the banking sector β 12 . We can also see a statistical significance at 1 and 5% with a positive and a negative effect from short-term interest rate, long-term interest rate, and stock returns (β 13 , β 14 , and β 15 ) to the banking sector. In the same view, we can say that the spillovers of the stock market, exchange rate volatility, short-term interest rate, and long-term interest rate are measured respectively by 1/ 12 , 1/ 13 , 1/ 14 , and 1/ 15 . The findings reveal that these are statistically significant with a positive and a negative effect from the exchange rate of the volatility short-term interest rate, long-term interest rate and stock returns to the banking sector (1/ 12 , 1/ 13 , 1/ 14 , and 1/ 15 ).
Test no causality in mean effect

Empirical results and discussion
Results of the banking sector during the financial crisis
Evidence of the volatility spillovers from market returns, short-term interest rate, long-term interest rate, and the exchange rate volatility are statistically significant with a positive and negative effect on the banking sector (measured by the parameters (A 12 , A 13 , A 14 , and A 15 ).
For the spillovers from the market returns, the long-term interest rate, the short-term interest rate, and the exchange rate conditional volatilities, the findings indicate that they are significant at 1 and 10% with positive and negative effect from the exchange rate volatility (B 12 ) on the banking sector. We can also find a statistically significant and positive (Greece, France, UK, Italy and China) effect from the short-term interest rate on the banking sector (B 13 ). Moreover, the long-term interest rate and the stock market returns have a positive and a negative impact on the banking sector (B 14 and B 15 ).
During the current crisis, we notice that the Spanish banking sector has become sensitive to the volatility of the exchange rate, to the interest rate, and to the stock returns. This is quite normal since this period is considered as the beginning of an economic crisis in Spain as its public deficit exploded in 2009, reaching 11.2 of its GDP according to Eurostat. Actually, the Spanish crisis was generated by a housing bubble that weakened the financial and banking sector. Moreover, in 2009, the rating agency Standard & Poor's downgraded the Spain's rating from AAA to AA. Therefore, we can say that the banking sector in all the analyzed countries continued to be affected by the volatility of the exchange rate, the interest rate, and the stock return market, but at different degrees, which shows that these countries were affected by the debt crisis of the Euro zone. In this way, Choi et al. (1992) and Chamberlin et al. examined the joint impact of the interest rate and the exchange rate on the banking stock returns. These authors show the importance of these latter for the bank stocks. Conversely, the study of Choi et al. (1992) seems contradictory to ours because, according to these authors, the exchange rate impact is different from that of the interest Italy n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Spain n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a rate, besides it changes over time, whereas our result shows that this impact remained unchanged during the financial crisis.
China
Recent search in our study seems to be consistent with that of Beirne et al. (2009) who found that the banking sector in all the major economies is exposed to the stock market returns, to the interest and the exchange rates. In addition, we should notice that the relationship between the exchange rates, the short term interest rates and the banking sector in Spain is negative. This result seems to be consistent with that of Ballester, Ferrer, and Gonález (2010) who found that the volatility of the interest rates has a negative and significant impact on the stock returns of the Spanish banking sector. Similarly, Aloui and Jarboui (2013) , show that the exchange rate and the stock returns have an impact on the Tunisian banking sector.
Result of financial sector stock return effect: during the financial crisis
The result obtained for all countries (see Table 2 ) can be summarized as follows. In the vast majority of cases there is a statistically significant effect at 1 and 5% levels, respectively with a positive and negative effect of the exchange rate causality, short-term and long-term interest rates and the stock market returns on the banking sector β 12 , β 13 , β 14 and β 15 . As for the spillovers, we can say that there is a statistically significant and positive effect of the exchange rate volatility, the short-term and long-term interest rates, and the stock market (1/ 12 , 1/ 13 , 1/ 14 , and 1/ 15 ) on the financial sector, with the exception of some countries where it is insignificant.
Regarding the volatility spillover, we can see a statistically significant effect at 1% and 5% levels, respectively. It is a positive and negative effect of the exchange rate volatility, rate short-term, longterm interest rates, and the stock market on the financial sector (A 12 , A 13 , A 14 , and A 15 ). On the other hand, the exchange rate conditional volatilities and the short-term interest rates are found to be significant with a positive and negative effect on the financial sector B 12 , B 13 , and (B 15 ). By contrast, the long-term interest rates and the stock market returns have a significantly positive effect on the conditional volatilities only in a few cases, (notably Germany and the UK) (measured by the parameters (B 14 ).
The results are also consistent with the studies of Beirne et al. (2009) who found that, in most cases, the volatility of the exchange rates, the interest rates, and the stock market performance have either a positive or a negative impact on the financial sector. From Table 2 , we can see that unlike the banking sector, the financial sector is very much affected by the volatility of the exchange rates, the interest rates and the stock return. Furthermore, we notice that the volatility of the exchange rates, the interest rates, and the equity returns have a very important impact on the financial sector of the USA and the UK compared to the other countries. This is due to the collapse of the financial sector of the USA and that of the UK which was the main cause of the financial crisis. Table 3 implies that, in the majority of cases, there is a positive and negative effect of the exchange rate volatility, the short-term interest rate, and the stock market returns on the banking sector β 12 , β 13 , and β 15 , with the exception of a significant and positive effect of the long-term interest rates (β 14 ) on the insurance sector. Furthermore, according to Table 4 , we can say that there is a statistically significant positive and negative effect of exchange rate volatility, the short-term and long-term interest rates, and stock the market returns on the insurance sector (1/ 12 , 1/ 13 , 1/ 14 , and 1/ 15 ). Regarding the long-term interest rate (1/ 14 ), we can say that there is significant and positive effect in all the cases. We can also observe a significant volatility spillover with a positive effect in a few cases from the exchange rate volatility and stock market on the insurance sector (A 12 and A 15 ).
Result of the insurance sector stock return effects during the financial crisis
Inversely, we can find that short-term and long-term interest rates have a significant positive and negative effect (A 13 and A 14 ) on the insurance sector. Moreover, the exchange rate conditional volatilities and the stock market returns, appear to have a significantly negative effect mainly on the insurance sector B 12 in a few cases (Greece, the UK, and China) and B 15 (Greece, the UK, and China).
We can also find a significant positive and negative effect from short-term and long-term interest rates on the insurance sector in some countries B 13 (Germany, Greece, and the UK) and B 14 (Greece and UK).
According to this chart, we can see that the insurance sector in the USA is slightly affected by the volatility of the exchange rate, the interest rate, and the fallout from the stock price volatility compared to the other financial and banking sectors. This shows that the financial crisis can be a banking one. In addition, the volatility of the exchange rates, the short-and long-term interest rates seem to be very low. On the other hand, the spillover of the volatility of the stock market prices has a significantly positive effect on the insurance sector in the USA compared to the countries which have a (positive, mixed) impact. This result seems to be consistent with the studies of Beirne et al. (2009) who indicated that the long-term interest rates and the exchange rates have an effect on the financial, banking and insurance sector. Besides, during the crisis, the insurance sector of the UK, China, and Greece was the most affected by the volatility of the exchange rates, the interest rates, and the spillover of the volatility of the stock market prices. For the UK, the volatility of the exchange rates, the interest rates, and the spillover of the stock market prices have a positive and negative impact on the insurance sector. This result seems consistent with the studies of Papadamou and Siriopoulos, 2014 who stated that the interest rates significantly affect the insurance companies. In addition, the German insurance sector is very sensitive to the volatility of the interest rates either in the long-or short-term with a statistically significant and positive relationship. This result seems consistent with the studies of Czaja, Scholz, & Wilkens, 2010 who showed that the insurance sector in Germany is significantly sensitive to the interest rates. In general, most studies found that the volatility of the exchange rates, the interest rates and the volatility of the stock market prices have either a positive or negative impact on the banking, financial, and insurance sector. This effect is very high in these services.
Results of LR test restrictions for financial (banking, financial, and insurance) sector stock returns during the financial crisis
However, the index returns of the financial sector (i.e. banking, financial, and insurance) are sensitive to the changes in the average market returns, to the interest and the exchange rates, besides they have a positive relationship. Unlike Di Iorio et al. (2006) found that no specific financial sector is less sensitive to neither the short-and long-term interest rates the weak effect of both the exchange rates and the stock market return performance on the financial sector.
Furthermore, these results are consistent with the studies of Beirne et al. (2009) who pointed out that the financial sectors are more sensitive to the short-and long-term interest rates, to the exchange rates and to the stock market returns. The average non-effect of the causality test is represented by (β 12 , β 13 , β 14 , and β 15 ). This shows that the exchange and the short-or long-term interest rates, as well as the stock market returns are significant in all the analyzed countries at 1% level, excepting the USA where the short-term interest rate is significant at 10% (H6), whereas the longterm interest rate is not significant. Hence, hypothesis H7 is rejected). We can therefore conclude that there is a high sensitivity between the index returns in the banking, finance and insurance sector, the market returns, the interest and exchange rates, besides there is a positive relationship.
Conclusion
A part from the literature on the causality links between the exchange, the interest rate, and the stock return of financial (banking, financial services, and insurance) sector for a panel of countries during the crisis period, there is no study that examined this interrelationship using the VAR-GARCHin-mean. The objective of the present work is to fill this research gap by examining the above interaction for eight countries over the period [2006] [2007] [2008] [2009] . We have also tested the presence of causality-in-mean and volatility spillovers. Our analysis suggests that (1) there is a causal-in-mean relationship between the exchange rate, the interest rates, and the stock return in most countries; (2) there is a relationship between exchange and the interest rate, and the stock returns in volatility spillovers of most countries.
Overall, the effects of the stock market returns are those that one would expect. As for the interest and exchange rates, the picture which emerges is not equally clear. Nonetheless, long-term interest rate seems to affect the financial sector (financial service and insurance sector). There are also longterm interest rate effects which seem to be most prevalent in the financial service sectors and the insurance sectors, with a much more limited effect on the banking sector. However, the short-term interest rate effects seem to be most prevalent on the banking and the insurance sector, with a much more limited effect on the financial service sector. This also holds for the exchange rate effects, although, in this case, the observed pattern is more easily interpretable in terms of the foreign net position of the concerned financial institutions.
The main implications arising from our study can be presented as follows. First, the empirical results, for the estimation techniques, show that the impact of the stock market returns are those that one would expect. As for the interest and exchange rates, the picture which emerges is not equally clear. Nonetheless, the long-term interest rate seems to have an effect in the financial sector. This also holds for the exchange rate effects, although in this case the observed pattern is more easily interpretable in terms of the foreign net position of the concerned financial institutions. Second, we find that the volatility of the exchange rate, the interest rate and the stock returns have sometimes a positive and sometimes a negative impact on the financial sector (financial service, insurance, and banking). Moreover, we can state that the volatility of the exchange and the interest rates and the stock returns have an effect on the financial (service financial and banking) sector of the US and the European countries. However, the financial sector in China is only affected by the volatility of the market return spillovers on the financial and banking sector during the financial crisis. Then, we show that the volatility of exchange rates, the interest rates, and the stock returns are significant in few cases and have a negative and positive impact on the insurance sector. Moreover, we find that the insurance sector in less important than the service financial and banking sector. In this context, this paper has some policy implications. Concerning, the nature of the impact market, the interest, and the exchange rate risk effects on the financial stock returns could provide valuable information for portfolio management purposes both domestically and internationally. The results suggest that investors should follow the monetary policies more closely to take decisions on their investments since the interest and exchange rates have predictive powers on the bank stock returns and volatility.
